A sheep digestion trial and two feedlot trials with cattle were conducted to study effects of an ionophore, salinomycin, on nutrient digestibility, ruminal metabolism and cattle performance. In trial 1, addition of salinomycin at 5.5, 11 or 22 ppm to 60% concentrate diets fed to ruminabcannulated rams had no effect (P>.05) on apparent digestibility of dry matter (DM), organic matter (OM), neutral detergent fiber (NDF), acid detergent fiber (ADF) or starch in comparison with control diets. Apparent nitrogen (N) digestibility was increased (P<.05) in animals fed salinomycin. Salinomycin did not affect total volatile fatty acid (VFA) concentrations in the rumen, but resulted in a linear (P<.05) increase in molar proportion of propionate and a linear (P<.05) decrease in molar proportions of acetate and butyrate and in acetate:propionate ratios. Shifts in VFA proportions were fully expressed within 4 d after salinomycin was added to the diet. In trial 2, salinomycin was added at 5.5, 11, 22 or 33 ppm to 85% concentrate diets fed to finishing steers. Salinomycin level had a quadratic effect (P<.05) on daily weight gain and resulted in a quadratic (P<.05) decrease in feed intake with a resultant average improvement of 10.3% in feed efficiency. Salinomycin (5.5, 11, 16.5 or 22 ppm) and monensin (22 ppm) were added to 90% concentrate diets in trial 3 and produced 1The research reported herein was supported in part by a grant from A. H. Robins Co., Richmond, VA.
Introduction
Consumption of diets containing polyether ionophores such as monensin and lasalocid by ruminants results in alterations in ruminal fermentation patterns such that molar proportion propionate is increased and acetate decreased (Dinius et al., 1976; Richardson et al., 1976; Bartley et al., 1979; Ricke et al., 1984) . These alterations are manifested by improvements in feed efficiency by animals fed these compounds Berger et al., 1981) . Salinomycin is a polyether ionophore produced by Streptomyces albus. Salinomycin additions to both in vitro and in vivo systems result in shifts in ruminal volatile fatty acid proportions similar to those produced by other ionophores McClure et al., 1980; Webb et al., 1980) . Likewise, salinomycin has been shown to enhance feed conversion in growing and finishing cattle by 10 to 20% (McClure et al., 1980; Owens et al., 1982; Turgeon et al., 1982 Turgeon et al., , 1983 . However, little is known about effects of salinomycin on digestibility of various dietary components. Research reported herein was conducted to evaluate: (1) ruminal fermentation characteristics and nutrient digestibility by sheep fed four levels of salinomycin, (2) the effect of salinomycin level on feedlot performance of steers fed high concentrate diets and (3) effect of salinomycin on incidence and concentration of coccidial oocysts in cattle. 
Materials and Methods
Trial 1. Four ruminal-cannulated crossbred rams (average weight 61 kg) were fed 60% concentrate die*.s (table 1) containing O, 5.5, 11, or 22 ppm (dry matter basis) salinomycin in a 4 • 4 Latin square design. Animals were fed their assigned diets for 18 d during each experimental period. A period of 10 d, during which all animals were fed a common diet of 60% chopped alfalfa bromegrass hay (IFN 1-00-254) and 40% ground corn (IFN 4-02-931), was allowed between periods to minimize carryover effects due to the presence of drug in the diet. Each animal was fed 1,400 g dry matter (DM) daily in two equal feedings at 0730 and 1730 h. Hay, corn and a supplement containing protein, minerals and the appropriate level of salinomycin were weighed individually and hand mixed before each feeding. Water was available ad libitum. Animals were tethered individually in mesh-bottom pens in an environmentally controlled room under continuous lighting during the experiment.
Experimental periods consisted of a 12-d adjustment and a 6-d collection. Total fecal collections were made on d 13 through 18 of each period by means of canvas collection bags attached to the animals. Feces were weighed at the time of collection and 20% of the amount excreted daily was composited and frozen for subsequent analyses. Samples of feed and feed refusals, if any, were taken once daily on d 9 4 Beckman Instruments, Inc., Fullerton, CA. through 18 of each period. Ruminal samples (50 ml) were taken through the rumen cannulae 4 h after the morning feeding on d 1, 4, 7, 10, 13 and 16 of each period. Ruminal fluid pH was measured immediately with a Beckman 4 Zeromatic IV pH meter. Samples were then acidified with 2 ml 10 N H 2 SO4 and frozen for subsequent analysis of volatile fatty acids (VFA). At the time of the morning feeding on d 18 of each period, each animal was infused intraruminally with a single dose (50 mg) of chromium ethylenediaminetetraacetate (Cr-EDTA; Binnerts et al., 1968) in 50 ml of water. Rumen fluid samples were then collected 4, 8, 12, 16, 20 and 24 h after administration of CrEDTA and frozen for later analysis of Cr and determination of ruminal liquid dilution rate and rumen volume. All rumen fluid samples were collected via a suction strainer introduced through the rumen cannula into the ventral sac of the rumen.
Feeds, feed refusals and feces were all dried for 48 b at 50 C and ground through a Wiley mill (2-mm screen) before further analyses. Samples were analyzed for DM, organic matter (OM) and nitrogen (N) according to AOAC (1975) . Neutral detergent fiber (NDF) of samples was determined by the procedure of Robertson and Van Soest (1977) using aamylase to minimize interference caused by high concentrations of starch. Samples were also analyzed for acid detergent fiber (ADF; Goering and Van Soest, 1970) and starch (Shetty et al., 1974; Fleming and Reichert, 1980 Ruminal fluid samples were thawed and analyzed for VFA on a Vista s 44 gas liquid chromatograph by the method of Erwin et al. (1961) . Ruminal samples collected for determination of fluid dilution rates were centrifuged at 27,000 x g for 20 min and an aliquot of the resulting supernatant analyzed for Cr on a Perkin-Elmer 6 Model 306 atomic absorption spectrophotometer at a wavelength of 357.9 nm. Ruminal liquid dilution rates were calculated by regression of the natural logarithm of Cr concentration in ruminal fluid vs time after dosing. Rumen volume was calculated by dividing the amount of Cr dosed by the antilogarithm of the y-intercept of the regression line.
Trial 2. One-hundred-five Angus x Hereford steers (average initial weight 266 kg) were randomly allotted to 15 pens (seven head/pen). Animals in three pens were assigned to a control diet (table 2) or to the same diet containing 5.5, 11, 22 or 33 ppm (air-dry basis) of salinomycin. ALl cattle were fed a diet containing 60% corn silage at the beginning of the feeding period, with a gradual reduction to 15% corn silage:85% concentrate over the first 21 d of a 134-d trial. The diet was formulated to provide 11.5% crude protein, .5% Ca and .3% P. Water and trace-mineralized salt were available ad libitum." Samples of the supplement containing salinomycin were taken at regular intervals throughout the trial for drug assays. The cattle were weighed after a 15-h shrink at the beginning and end of the trial. Interim s Varian, Inc., Walnut Creek, CA. 6 Perkin-Elmer, Inc., Norwalk, CT.
weights were taken every 28 d. After a 9-d withdrawal period at the end of the trial, all steers were slaughtered and carcass data collected.
Analysis of variance and linear and qt/adratic treatment effects for trials 1 and 2 were determined by the General Linear Models procedure of the Statistical Analysis System (SAS, 1982) .
Trial 3. One-hundred-twenty-six Charolais cross steers averaging 398 kg were randomly allotted to 18 pens. Three pens were assigned to a 90% concentrate control diet (table 2) or to the same diet with salinomycin added at 5.5, 11, 16.5 or 22 ppm or monensin at 22 ppm (all on an air-dry basis). Steers were fed a diet containing 40% oat silage at the beginning of the trial and the concentrate level was graudally increased to 90% over a 21-d period. The diet was balanced for 11.5% crude protein, .5% Ca and .3% P. Samples of salinomycin and monensin premixes and of the complete mixed diet were taken regularly throughout the trial for drug assays. Steers were weighed initially and at the end of the 111-d trial after a 16-h shrink. Interim weights were taken at 28-d intervals. Steers were slaughtered after a 9-d withdrawal period at the end of the trial and carcass data collected. Fecal grab samples were collected from all steers at the beginning, on d 28 and at the end of the trial. The number of coccidial oocysts per gram feces was determined by the method of Ivens et al. (1978) .
Statistical analysis of trial 3 data was by analysis of variance, using the General Linear Models procedure of the Statistical Analysis System (SAS, 1982) . Treatment means were compared by the F-test-protected Least Significant Difference method (Carmer and Swanson, 1973) .
Results and Discussion
Apparent digestibilities of dietary components are presented in table 3. No effects due to salinomycin additions were noted for digestion of DM, OM, NDF, ADF or starch. Webb et al. (1980) reported previously that crude fiber digestibility decreased linearly in response to salinomycin in steers fed 80% concentrate diets with 0, 25 or 50 ppm salinomycin. Apparent N digestibility was increased (P<.05) for sheep fed diets containing salinomycin by an average of 5.4% over those fed the control diet. Increased N digestibility due to salinomycin was reported by Webb et al. (1980) . In addition, both monensin and lasalocid (Paterson et al., 1983; Ricke et al., 1984) have had positive effects on N digestibility in some experiments. The reason for these observations is not clearly understood. Monensin apparently decreases extent of rumen microbial degradation of feed protein and supply of bacterial crude protein to the lower gastrointestinal tract (Po0s et al., 1979; Muntifeting et al., 1981) . Such relationships could conceivably increase apparent protein digestibility because undegraded feed protein is probably more digestible than is bacterial protein (Van Soest, 1982) . However, it is not known if salinomycin supplementation results in similar shifts in the proportions of feed and bacterial N leaving the rumen.
No differences existed among treatments within a given day of sampling for ruminal pH or total VFA concentration. Differences among treatments for molar proportions of individual VFA were similar on all days except for d 1 of each period. Therefore, values presented for ruminal characteristics ( Fontenot et al. (1980) , McClure et al. (1980) and Webb et al. (1980) . Webb et al. (1980) also indicated that methane production was decreased by salinomycin supplementation. These shifts in the relative proportions of the end products of rumen fermentation are believed to account for improvements in feed conversion exhibited by cattle fed various ionophores. Such shifts toward increased production of propionate and decreased acetate, butyrate and methane imply an increased recovery of energy contained in the fermentable substrate in forms that can be metabolized by the host animal.
Ruminal liquid dilution rate was decreased (P<.05) by the presence of salinomycin in the diet (table 4) . Although data are lacking regarding the effect of salinomycin on this measurement, it has been shown (Lemenager et al., 1978 ) that monensin supplementation decreases both liquid and solids dilution rates even when feed intake is constant. Rumen volume was not significantly affected by treatment but mean values for animals fed salinomycin were somewhat greater than for those fed the control diet. Similar nonsignificant trends toward increased ruminal volume were also noted by Lemenager et al. (1978) for Ruminal pH and total VFA concentrations in ruminal fluid were not affected by treatment on any day on which samples were taken (data not shown). Concentrations and molar proportions of individual VFA, however, were altered by feeding salinomycin. As reflected by acetate: propionate ratios (table 5), the shift towards increased proportions of propionate and decreased proportions of acetate was fully expressed by the fourth day after introduction of salinomycin to the diet. The maximum reduction in acetate:propionate ratios occurred in sheep fed salinomycin concentrations greater CQuadratic effect (P<.05).
dstandard error of the mean.
than 5.5 ppm with little, if any, difference noted when animals were fed 11 or 22 ppm. These data suggest that the potential benefits of feeding salinomycin due to alterations in fermentation end products would be realized after a very short adaptation period. In addition, it is likely that maximum response in feed conversion by the host animal would be seen at salinomycin levels of 11 ppm or greater. In growth trials, the most efficient feed utilization by cattle has occurred when salinomycin was fed at 11 ppm in both high concentrate (Owens et al., 1982; Turgeon et al., 1982) or corn silage diets (Turgeon et al., 1983) . Performance data for cattle in trial 2 are presented in table 6. Daily gains increased quadratically (P<.05) with salinomycin level, with maximum gains noted at 5.5 pprn. Owens et al. (1982) reported an average increase in daily gain of 9.4% for steers fed salinomycin in high concentrate diets. Other studies (McClure et al., 1980; Turgeon et al., 1983 ) have likewise noted improvements in gains when salinomycin was fed at 33 ppm or less. In two of the studies cited above (McClure et al., 1980; Owens et al., 1982) , daily feed intakes were unaffected by the inclusion of salinomycin in the diet. In trial 2, feed intake was quadratically (P<.05) depressed by feeding salinomycin (table 6). The overall decrease in feed consumption due to salinomycin was 6%. Feed efficiency values decreased quadratically (P<.05) with salinomycin level. Such improvements in feed efficiency have been observed consistently in association with salinomycin feeding (McClure et al., 1980; Owens et al., 1982; Turgeon et al., 1982, !983) , with an average improvement of 9.3% observed in these studies, In trial 2, feed conversion was improved by 10.3% due to salinomycin.
Steers fed 5.5 ppm of salinomycin and 22 ppm monensin in trial 3 had more rapid rates of gain than did steers fed the control diet (table  7) . Steers fed higher levels of salinomycin had rates of gain intermediate to these groups. Addition of either ionophore to the diet had no effect on feed intake. No significant improvements in feed efficiency were noted among treatments. Differences in carcass measurements were small and not affected by treatment. In both trials 2 and 3, analysis of the supplements containing salinomycin resulted in recoveries of 90 to 110% of the formulated level of the drug. f9=high Good; 10=low Choice; 11=average Choice.
As noted previously, feed efficiency was improved by an average of 10.3% across all levels of salinomycin in trial 2. Although no significant effects on feed efficiency due to treatment were found in trial 3, mean values for feed efficiency were 5.1% lower across diets containing salinomycin and 6.8% lower when cattle were fed 5.5 ppm salinomycin in comparison with controls. These observations, along with the average 9.3% improvement in feed conversion seen in other trials (McClure et al., 1980; Owens et al., 1982; Turgeon et al., 1982 Turgeon et al., , 1983 , clearly indicate that inclusion of salinomycin in feedlot diets promotes improvements in feed conversion.
At the initiation of trial 3, 96.6% of the steers were shedding detectable coccidial oocysts in feces (average concentration of bpercentage of animals with detectable coccidia.
C'dMeans in the same row that do not have a common superscript differ (P<.05).
2,752 oocysts/g; table 8). After 28 d, both incidence and concentration of oocysts decreased in all groups, with steers fed monensin or salinomycin at 16.5 and 22 ppm having significantly lower incidence and number of oocysts than steers fed the control diet. By the end of the trial, a lower (P<.05) percentage of steers fed monensin or salinomycin at all levels were shedding oocysts than were those fed the control diet. Concentrations of coccidial oocysts were also markedly lower for steers fed salinomycin or monensin. The coccidiostatic effects of salinomycin are not unexpected because most ionophores are effective poultry coccidiostats and because both monensin and lasalocid have previously been shown to reduce the incidence and number of oocysts shed by Iambs and steers fed these compounds (Horton and Stockdale, 1980; Berger et al., 1981) . Some of the improvement in animal performance observed with supplementation of these drugs might be attributed to their efficacy in controlling coccidiosis.
It is concluded from these studies that (1) salinomycin has no undesirable effects on digestibility of dietary components, (2) salinomycin results in rapid shifts in ruminal fermentation pattern with resultant increases in proportions of propionic acid, (3) salinomycin improves rate of gain and feed conversion in finishing cattle and (4) salinomycin is effective in controlling coccidiosis. It appears from these data that salinomycin effects on shifts in ruminal fermentation products are maximized at concentrations of 11 ppm but that maximum effects on cattle performance are evident at concentrations of 5.5 ppm.
